Improved persistence of red clover (Trifolium pratense L.) 
) was lower than in year 1 (13.9 t ha -1 ) but the red clover 24 populations differed in the extent of this decline. Differences in the persistence of the 25 red clover populations in terms of plant survival and yield were reflected in the 26 contribution of red clover to the total sward yield in Year 4, which ranged from 61% 27 for the highest yielding population, AberClaret, to 11% in the lowest yielding, Vivi..
28
Increased red clover DM yield was reflected in a greater CP yield (protein weight per 29 unit area), which ranged from 1.6 t ha -1 year -1 to 2.9 t ha -1 year -1 in Year 2 and from , some of which subsequently becomes available to 44 the companion grass (Pirhofer-Walzl et al., 2012) . They produce high yields of good 45 quality forage with a crude protein (CP) content of 18-19% (Frame et al., 1997) , 46 which, in turn, leads to high voluntary intakes and improvements in livestock performance (Lüscher et al., 2014) . Recent studies also show that red clover other forage legumes (Winters and Minchin, 2005) . PPO has beneficial effects in 50 improving nitrogen utilization in ruminants (Lee et al., 2006) and in protecting lipids 51 from degradation, both 'in silo' as well as in the rumen, leading to a higher output of 52 polyunsaturated fatty acids (PUFA) in ruminant products (meat and milk) (van Ranst 53 et al., 2011) .
55
Despite these beneficial attributes of red clover, its use may be limited by its 56 lack of persistence in swards. For example, under a typical UK management of 3 57 conservation cuts per year followed by a late autumn grazing, red clover tends to 58 persist for only two to three years, after which dry matter (DM) yields decline (Frame, 59 2005). One challenge to improving the persistence of forage legumes is a lack of 60 scientific consensus on how persistence is defined (Phelan et al., 2014) . In this study we considered two aspects of persistence in red clover swards. The first of these was 62 the number of individual red clover plants surviving in swards after three or more 63 years (Choo, 1984 
75
The maintenance of DM and CP yield is therefore crucial to red clover's agronomic 76 value as a source of protein grown on-farm, and explains why persistence is a 77 common breeding target of red clover breeding programmes in the UK (Marshall et 78 al., 2012) and in other countries (Herrmann et al., 2008; Taylor, 2008; Riday 2010) .
80
Previous studies on red clover persistence have considered the potential of 81 exploiting variation in morphological traits such as the development of adventitious 82 roots (Montpetit and Coulmann, 1991) and stolons (Smith and Bishop, 1993) .
83
However, the most direct way to breed for persistence involves exposing plants to 84 their target environment and selecting for survival (Taylor and Quesenberry, 1996 respectively. There was no effect of grass treatment on annual grass yield except in also shows the relative change in total and red clover yield over time. clover population x year interaction (Figure 3a) 
Variation in dry matter yield

327
Typically in the UK, red clover performs well for two years in mixed swards, 
Variation in plant survival
373
The overall decline in red clover yield over the duration of the experiment was AberDart, the perennial ryegrass variety used in the study, has a high WSC content,
435
which is known to also improve silage quality (Conaghan et al., 2008 Table 2 Meteorological data (rainfall (mm), average minimum and maximum temperature (°C), at IBERS, Aberystwyth in 2008 , 2009 , 2010 , 2011 and 2012 , with 25 year (1988 -2012 
